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Investigation of experimental techniques for accurate electrical 
characterization of eddy current test coils and determination of the 
effect of various mechanisms, such as shorts, defective ferrite, or 
mechanical disturbance on the coil signature is important to the 
understanding and proper use of these coils. Such information is 
helpful in two areas of eddy current NDE; the evaluation of poorly 
performing commercial probes and the more esoteric problem of determin-
ing the interaction between an eddy current coil and a part containing 
defects. 
The goals of our work are: to develop very precise techniques for 
determining the electrical parameters of commercial coils; to evaluate 
these methods as a means of quantifying the mechanisms that degrade 
coil performance; to determine which parameters present the best hope 
for easy, rapid, and relatively inexpensive detection of defective 
coils; and to develop a standard test method and. perhaps. a field-
usable system for rapid characterization and prediction of coil per-
formance. This paper describes our progress toward these goals. 
Precision measurements of inductance, impedance, phase angle, and 
dissipation of both commercial eddy current coils and specially pre-
pared test coils have been made using various techniques. Special 
emphasis has been placed on use of the digital storage oscilloscope and 
a commercial impedance analyzer (LCZ meter). In one phase of the 
project we evaluated a large number of ostensibly similar coils to 
determine the range of parameters that are to be expected. Both 
air-core and ferrite-core coils were measured. In another phase, 
measurement of the effect on coil parameters of shorted turns, defor-
mation, ferrite defects, and temperature changes were made. These 
measurements involved both commercial coils and coils wound especially 
for a specific test. 
All the votes are not yet counted, but it is beginning to appear 
that some of the problems encountered with commercial eddy current 
probes may be due to probe construction rather than to defects in the 
coils themselves. 
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MEASUREMENT TECHNIQUES AND APPARATUS 
Measurements of basic electrical parameters have been made on a 
variety of coils by several techniques that showed promise of a capa-
bility for precision measurement based on a preliminary study of the 
problem. The systems used are: 1) lock-in detector, 2) vector volt-
meter, 3) digital processing oscilloscope, and 4) commercial digital LF 
impedance analyzer. A major source of imprecision in all these measure-
ments is in determination of the phase between current and voltage 
signals. Thus, part of our work has involved the investigation of 
low-inductance resistors and Rogowski coil devices used in the current 
measurement. Calculations of inductance and distributed capacitance 
have been made for conventional resistors, folded-strip precision 
resistors, and a Rogowski coil. Inductances are on the order of 3 nH 
for the conventional resistors and about an order of magnitude lower 
for the other two. Capacitance values are in the nanofarad range, not 
a problem for our work below 100 kHz. Also, determination of internal 
phase shifts of the apparatus have been made; a difficult and time-
consuming task. 
Analysis of measurements made with the lock-in system led to its 
being removed from consideration because of a lack of phase accuracy 
and stability, even when a precision phase option system was incorpor-
ated. The vector voltmeter technique was also discarded due to its 
lack of sensitivity at the relatively low frequencies used in most 
commercial eddy current applications. 
The digital processing oscilloscope is used in the configuration 
indicated in Fig. 1. It offers the advantage of a waveform processing 
capability, waveform storage, and noise reduction by software proces-
sing of stored signals. The system does have a limited frequency range 
and uses discrete values, which can contribute to zero-crossing errors. 
Lack of simultaneity of the separate input channels is also a potential 
source of error. Inductance or capacitance information can be deter-
mined from the acquired waveform data by two methods: integration of 
the product of the coil voltage and a signal proportional to the 
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Fig. 1. Block diagram of the digital processing oscilloscope system. 
Phase shifts due to the input amplifiers and the separate 
system channels are determined and corrected for with the 
processing software. 
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current, or measurement of the time between zero crossings of the two 
signals. In either case, the ultimate accuracy of the measurement is 
determined by the digital word size of the instrument. It was neces-
sary to develop software to control the processing, to account for 
variations in dc levels, and to accurately determine the location of 
zero crossings. 
Figure 2 shows processed 10 kHz data taken with this system on a 
commercial coil with a ferrite core. The data give a phase angle of 
86.54 degrees. Our measurements indicate that, with further refine-
ment, we can expect to achieve an accuracy of 0.04 degrees and a 
precision of 0.01 degrees under rather ideal conditions and using a 12 
bit processing mode. These tolerances are tighter than those required 
in most applications, but the apparatus is also far more sophisticated 
than that available to most commercial operations. Further information 
on this system and data acquired with it is available in the litera-
ture. l We are still refining the measurement and the data processing 
software. Higher frequency digital oscilloscopes would allow extension 
of the frequency range without serious degradation of accuracy, but at 
even greater cost. 
The commercial LCZ meter has proven to be the workhorse of our 
project this year. Its phase accuracy (approximately ±0.07 degrees at 
our typical operating point) is not the equal of the storage oscillo-
scope, but its speed and accuracy in the determination of inductance 
(±0.2%), impedance (±O.l%), and other electrical parameters is more 
than adequate for most purposes. Use of this instrument has allowed us 
to investigate many parameters of a large number of coils in a short 
period of time. Furthermore, the ability to interface the instrument 
with a laboratory computer and plotter further increases its versatil-
ity. Unfortunately, it is an expensive instrument - more so when the 
computer control option is exercised. 
DATA AND DISCUSSION 
Essentially all of the data presented here were taken with the LCZ 
meter system. Early intercomparisons between this system and the 
digital scope using standard inductors gave excellent agreement. 
Twenty four commercial eddy current coils were purchased in four 
sets where six coils each were of the same nominal type. These coils 
are normally sold only as parts of finished probes, but for our pur-
poses they were acquired unmounted. Both ferrite-core and air-core 
coils are included in the set. All coils are wound with #40 copper 
wire (0.08 mm diameter). The ferrite cores, which are simple rods, 
extend well beyond the coils. Table 1 shows the coil parameters. 
In addition, a series of 10 coils, with ferrite cores and caps, 
were purchased that covered a range of operating frequencies from 
100 Hz to 300 kHz. These coils have been used in evaluating various 
test setups, in the field mapping studies reported elsewhere in this 
volume,2 and for the cracked ferrite tests described below. 
Inductance and impedance measurements were made on all coils of 
the first set over a frequency range from 50% to 150% of the operating 
frequency. In addition, the resonant frequency of the coils was 
determined. Data taken at the coil operating frequency are shown in 
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K Frequency Angle Resist. Induct. 
(Hz) (deg) (ohm) (henry) 
1 10020.27 86.624 298.777 .080443 
2 10020.22 86.614 298.669 .080181 
3 10020.17 86.568 304.076 .080543 
4 10020.22 86.595 301.181 .080403 
5 10020.23 86.572 303.052 .080347 
average 10020.22 86.595 301.151 .080383 
upper 10020.27 86.624 304.076 .080543 
lower 10020.17 86.568 298.669 .080181 
- - - - - - - - - - - - - - - - -
Vrms = 2.691. Irms = .000531 
Fig. 2. Typical data from the digital processing 
oscilloscope system. These are taken at 
10 kHz on a ferrite-core coil. 
Table 1. Physical and operating parameters of commercial coils. 
Code Freq. L Core Turns Od Id length Core I 
(kHz) (mH) (mm) (mm) (mm) (nun) 
A 100 0.11 air 150 5.7 4.7 2.9 
B 1 8.3 air 1000 12.2 8.1 6.1 
C 100 0.10 fer. 140 2.5 1.3 2.3 3.6 
D 1 8.2 fer. 1000 8.2 2.3 3.8 6.4 
Table 2. For these measurements. the coils were mounted on a plastic 
stand well removed from any metallic objects. Tightly twisted pairs of 
wires were used to connect them to the instrument. Typical results are 
shown in Fig. 3. The inductance of the ferrite-core and air-core coils 
is essentially independent of frequency. The impedance shows the 
expected frequency dependance. The coils were then mounted in a 
nonmetallic orientation device and positioned normal to. and in contact 
with. one of the NBS aluminum-plate eddy current conductivity standards 
(29.8% IACS)3 and remeasured. 
A statistical analysis of these data. shown in Table 3. indicates 
a modestly good uniformity of electrical parameters among coils of a 
given type. further reinforcing our suspicion that such coils are not 
often marginally defective. In discussions with R. Schaller of Martin 
Marietta it was suggested that the problem with nonuniform behavior of 
eddy current probes in actual use might be due. at least in part. to 
misorientation of the coil within the probe. He had x-rayed a number 
of commercial probes and observed significant misalignments of the coil 
axis with respect to the probe axis. 
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Fig. 3. Frequency dependence of inductance and impedance of typical 
coils used in the measurements. 
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To investigate the seriousness of an unsymmetrical lift-off 
effect, we remeasured a number of the coils with increasing amounts of 
tilt from 0 to 10 degrees created by effectively tilting the coil with 
respect to the conductivity standard block (actually, the block is 
turned through a carefully measured angle and the coil remains fixed in 
the holder). Results from two of the coils are shown in Table 4. The 
tilt angle determination is accurate to 0.25 degrees. The effect, at 
least for these coils, is somewhat smaller than the coil-to-coil 
variation of the parameters shown in Table 2. However, there is no 
method to correct for this error, since it would not have the same 
symmetry as the probe itself. Furthermore, even at five degrees, the 
error due to the asymmetry is of the order of a flaw signal in many 
instances. 
Tests on coil deformation and shorting of turns were performed on 
homemade coils somewhat larger than would be used for actual eddy 
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Table 2. Electrical parameter measurements on commercial coils. 
Coil Z (n) 6 (deg) L (mH) D f res. (kHz) 
Al 69.6 81.5 0.110 0.150 5258 
A2 69.5 81.4 0.109 0.151 5185 
A3 70.6 81.5 0.111 0.150 5101 
A4 69.6 81.4 0.110 0.151 5228 
AS 70.1 81.3 0.110 0.153 5563 
A6 69.4 81.4 0.109 0.151 5492 
B1 135.3 22.6 8.29 2.40 489 
B2 135.8 22.6 8.31 2.40 443 
B3 134.0 22.7 8.23 2.39 465 
B4 135.3 22.8 8.36 2.38 473 
B5 135.1 22.5 8.25 2.41 439 
B6 135.9 22.4 8.25 2.42 466 
C1 65.4 86.3 0.104 0.065 8921 
C2 65.6 86.2 0.104 0.065 8714 
C3 65.7 86.2 0.104 0.066 8439 
C4 66.3 86.2 0.105 0.065 9630 
C5 65.7 86.3 0.104 0.064 9538 
C6 66.6 86.3 0.106 0.063 8453 
D1 81.4 39.2 8.19 1.22 1092 
D2 82.0 39.1 8.23 1.23 971 
D3 83.5 38.0 8.17 1.28 979 
D4 83.8 38.6 8.31 1.26 1040 
D5 83.4 38.4 8.25 1.26 1011 
D6 83.2 38.4 8.23 1.26 1017 
current work. One coil was wound with 100 turns of #22 wire in the 
form of a single-layer short solenoid (1.3 cm diameter by 4.4 cm long), 
the second (1.6 cm diameter by 2.3 cm long) with 40 turns of the same 
wire. Insulation was removed at various points of the first coil so 
that a soldered link could be attached to simulate shorted turns. The 
second coil was first measured and then physically deformed by squeez-
ing five adjacent turns in toward the axis by increasing amounts - a 
rather excessive deformation. In each case the inductance, impedance, 
phase shift, and dissipation factor were measured from 5 Hz to 100 kHz. 
The data on the shorted coil (turns 14 and 19 connected together) 
showed an approximate 15% decrease in inductance and impedance. The 
maximum increase in the phase shift was about 3.5 degrees (at 20 kHz). 
The dissipation factor increased by an amount that varied from 47% at 
20 kHz to 74% at 100 kHz. This would seem to indicate that the dissi-
pation factor might be an excellent parameter to monitor in a coil 
quality determination. 
The maximum distortion of the second coil was with the five turns 
squeezed into an oval of about 2.2 by 0.9 cm, but still coaxial with 
the rest of the coil. A 5% decrease in the impedance and inductance 
was noted, with essentially no change in the phase shift. Once again, 
the dissipation factor gave the largest indication, increasing by 
approximately 30%. 
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Table 3. Statistical data from measurements of coils. 
Coil Type Mean Z (n) 
° 
Mean e (deg) 
°e z 
A in air 69.80 0.42 81.42 0.052 
A on std. 58.92 0.43 77 .58 0.14 
B in air 135.23 0.62 22.62 0.13 
B on std. 136.50 0.56 20.99 0.14 
C in air 65.88 0.43 86.26 0.039 
C on std. 55.78 0.51 82.75 0.19 
D in air 82.90 0.87 38.63 0.43 
D on std. 83.47 0.91 36.56 0.41 
Table 4. Impedance of coils purposely tilted with respect 
to the plate conductivity standard. 
Coil Tilt Angle (deg) Z (n) e (deg) 
B3 (air core) 0 135.4 21.0 
2 135.3 21.1 
4 135.1 21.3 
6 134.9 21.4 
8 134.8 21.5 
10 134.7 21.6 
D6 (ferrite) 0 83.84 36.3 
2 83.81 36.4 
4 83.78 36.5 
6 83.77 36.5 
8 83.76 36.5 
10 83.75 36.6 
Table 5. Effect of damaged ferrite core on impedance measured 
at the operating frequency (Z is in ohms). 
State 500 Hz Coil 1 kHz Coil 
Intact 125.2 70.04 
Small crack 123.6 68.42 
Maj or damage 112.4 48.75 
Bare Coil 86.6 44.07 
The possibility of defective ferrite has been suggested as a 
possible source of problems with eddy current coils. It is not uncom-
mon for ferrite parts to have cracks and inhomogeneities. particularly 
the mass produced ones. Also ferrite is a brittle material and mis-
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handling, either in shipment or in use, can damage it. In an effort to 
simulate such damage, the cores of several ferrite-core coils were 
intentionally cracked and the coils remeasured. The limited data shown 
in Table 5 indicate that the effect can be large. Similar variations 
are seen in other inductance-related parameters, but not, of course, in 
resistivity. 
CONCLUSIONS 
At this stage in the program we have reduced the number of instru-
ments to two, the digital scope and the LCZ meter. We feel that these 
two will allow us to determine any parameter that may be of significance 
with adequate accuracy and precision for most applications. 
It appears that eddy current coils as manufactured do have 
certain amount of variation in their electrical properties, but 
ably not enough to cause problems with modern instrumentation. 
this conclusion is based on a very small sample and the work is 
tinuing. 
a 
prob-
However, 
con-
The implication of the tilted coil measurements needs further 
investigation. It is our intention to acquire commercial probes, both 
new and discards and investigate them in detail concentrating on 
coil-probe orientation and on ferrite homogeneity. It is clear that 
any significant amount of tilt of the coil within the probe can be a 
serious problem for commercial instrumentation. It does have the 
advantage of being fairly easily correctable. 
Development of a standard test method and a field-test instrument 
is still awaiting a final conclusion as to the parameter(s) most useful 
in predicting unacceptable coil performance. Preliminary work on a 
solenoidal inductive test rig into which the coil is inserted and then 
measured both shorted and open indicates some promise at this point. 
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